Background
Introduction
Prognostic studies of cancer biomarkers are valuable, and allow a more accurate prediction of treatment response and prognosis, ultimately leading to a favorable therapeutic outcome. Focal adhesion kinase (FAK), an intracellular tyrosine kinase recruited to sites of integrin clustering or focal adhesions, is a multi-functional regulator of cell signaling within the tumor microenvironment [1] [2] [3] . FAK functions as a major mediator of signal transduction by cell surface receptors including integrins, growth factor, and cytokine receptors [1] . Therefore, FAK plays a crucial role in tumor carcinogenesis, especially in cell proliferation, apoptosis inhibition, angiogenesis, invasiveness, immunosuppression, and cell motility [4] . Dysregulation of FAK leads to the development of malignancies, including initiation of invasion, metastasis and neoangiogenesis [5] [6] [7] . These functional characteristics suggest that FAK may be also involved in promoting tumorigenesis and metastasis.
Recently, FAK has been proposed as a new candidate for molecular-based therapeutic approaches. However, the prognostic value of FAK overexpression across human solid carcinomas has yet to achieve a recognized consensus. Controversial results have been reported among the different types of cancer. High FAK expression in cancer samples has been evident in hepatocellular carcinoma [8] , invasive breast carcinoma [9] , gastric carcinoma [10] , endometrial cancer [11] , and ovarian carcinoma [12] . It has been demonstrated that the overexpression of FAK in these carcinomas is associated with a worse outcome. On the other hand, there are conflicting data demonstrating no prognostic value of FAK expression in node-negative breast cancer, colon carcinoma, and resectable pancreatic cancer [13] [14] [15] . In addition, overexpressed FAK was linked with poorer survival rates in esophageal and head and neck squamous cell carcinoma patients, although no statistical significance was established [16, 17] . Thus, a systematic and comprehensive meta-analysis designed to explore the association of FAK overexpression with cancer prognosis is urgently required and will provide a useful reference for doctors and researchers working in this field.
Materials and Methods

Literature search
A search of Pubmed and Web of Science was performed for studies evaluating the expression of FAK and survival in tumors from January 1995 to April 2016. The following keywords were used in the search strategy: (FAK OR "focal adhesi Ã kinase") AND (Carcinoma Ã OR neoplasm Ã OR cancer OR tumor) AND (prognosis OR prognostic OR survival). The results were limited to English language studies. Manual searches of reference articles from applicable studies were performed to identify articles that may have been missed by the computer-assisted search.
Study selection
Two investigators (Zeng and Li) reviewed all citation titles identified by the search strategy to generate a list of potentially relevant articles. The abstract of each study was then reviewed individually by the two investigators. If the applicability of a study could not be determined through the title or abstract alone, the full text was reviewed. The articles were independently screened for possible eligibility and any disagreements were resolved by conferring with a third investigator (Chen).
Study inclusion and exclusion criteria
The meta-analysis included studies that met the following standards: i) all patients were diagnosed with cancer via histopathology; ii) reported FAK expression level in patients and their prognoses; iii) original study; iv)inclusion of the most complete and newest study if duplicate articles were published; v) reported explicit methods for the detection of FAK expression in solid cancers; vi) FAK data presented in dichotomy; high or low. The exclusion criteria were as follows: i)studies investigating the relationship between co-expression of FAK and other factors and prognosis; ii) studies with no hazard ratios (HR) or 95% confidence intervals (CI), or data failed to provide a Kaplan-Meier(K-M) curve for HR and CI calculations; iii) abstracts were excluded due to insufficient data to evaluate the methodological quality of the trial and/or to carry out a meta-analysis; iv) non-eligible trials included ecological studies, case reports, reviews, editorials, and animal trials. 
Data extraction
The following characteristics were extracted: name of the first author, publication year, country, sample size, age, sex, test method, cut-off value, tumor staging, follow up time, and HR estimation. If a study reported both the results of univariate and multivariate analysis, the latter was selected as it takes confounding factors into account. The primary outcome measure was overall survival (OS).
Quality assessment
For study methodological evaluation, three investigators (Zeng, Li, and Chen) read through each publication independently. There is no widely accepted standard for evaluating study quality, thus study quality was assessed and scored according to the REMARK guidelines and quality scale predefined form by De Graeff [19, 20] , which was adapted from McShane et al. (2005) and Hayes et al. (1996) . Studies with a total score of 8 were considered to show optimal study quality, whereas a score of 0 indicated poor study quality. The three readers provided independent quality scores for comparison, then a mutual consensus was reached for each item.
Statistical analysis
The expression of FAK was judged "high" or "low" according to the cut-off value used in each study. The association between FAK and clinical outcomes was evaluated using the HR of low FAK expression level patients over high FAK level patients. When described in original articles, HR values were obtained directly. If the data were not provided directly, the available data from K-M survival curves were interpreted through Getdata. Three independent authors read the curves to minimize reading variability. HR and 95% CI were calculated using the methods reported by Parmar [21] .
Estimates of HRs were weighted and pooled using the Mantel-Haenszel random-effects model. The heterogeneity of results between studies was assessed using I 2 statistics, with increasing heterogeneity implying less utility in generalization across studies. The χ 2 -test Pvalue<0.10 or I 2 values >50% were suggestive of substantial heterogeneity. A sensitivity analysis was conducted to evaluate sources of heterogeneity both in the overall pooled estimate as well as within subgroups. Subgroup analysis was investigated with respect to cancer, ethnicity, assay method, HR estimate, type of tumor, sample size, and study quality score. Meta-regression analysis was conducted in an attempt to establish the relationship between HR and disease stage. To test the robustness of the HR estimates, a sensitivity analysis was conducted by individually excluding studies and analyzing the effects on the remaining studies. In addition, the presence of publication bias which was assessed using the Begg's test. All analyses were carried out using Stata 12.0. All P-values were two-sided and the significance level was defined as 0.05.
Results
Literature search
The computer-assisted search yielded 2,246 unique published titles. After an initial review, 55 titles were considered to be potentially appropriate. The abstracts of each of these papers was reviewed, after which 13 studies were excluded. 
Characteristics of included studies
The principal characteristics of the selected studies are summarized in Table 1 . From the 30 studies included, a total of 4702 patients were analyzed. Chen et al.
[33] stratified the data into a training and validation set, presenting the two groups separately. The outcome data of two studies were presented independently according to the method of ascertaining FAK expression in the same patient population, and these datasets were analyzed separately. Of these, Park et al. [47] evaluated FAK protein expression in both the cytoplasm and the cell membrane, and the datasets were interpreted individually. Three studies presented FAK expression distinctly according FAK status and these datasets were treated separately [32, 41, 43] . Specifically, Giaginis et al. [10] stratified outcome data into two histological types of human gastric cancer, of which the subgroup of diffuse-type carcinomas was excluded since the relevant effect estimates could not be obtained.
All of the studies were retrospective in design. Sample sizes ranged from 30 to 601 (median, 96). Eighteen of the 30 studies included patients with both early and advanced disease (stage I-IV) [10, 15, 16, 33, [34] [35] [36] [37] [38] 44, 46, 47, [51] [52] [53] [54] [56] [57] [58] . However, none of the studies analyzed the OS according to stage. Five studies included patients with stage I-III disease [32, 40, 42, 43, 48, 55] , two studies included patients with stage II-IV disease [41, 43] , and one study each included patients with stage I disease [45] and stage III-IV disease [49] . Stages of cancer were not reported in three studies [34, 39, 50] . The mean percentage of patients with advanced stages of disease was 52.0% (range, 0-100%). Five studies evaluated hepatocellular carcinoma [34, 35, 39, 46, 56] , Four studies each evaluated gastric cancer [10, 33, 37, 47] and ovarian cancer [36, 41, 49, 58] , three studies each evaluated lung cancer [40, 45, 55] , and colorectal cancer [52] [53] [54] , two studies each evaluated pancreatic cancer [15, 44] , and cholangiocarcinoma [38, 42] , and one study each evaluated breast cancer [48] , gliomas [49] , endometrial carcinoma [32], esophageal squamous cell carcinoma [16] , renal cancer [51] , tongue squamous cell carcinoma [50] , and laryngeal squamous cell carcinoma [57] . Twenty studies were performed in Asian populations, while the remaining 10 studies were conducted in Western populations.
Follow-up time was 42 months (range, 0.1-192.2 months). Eighteen studies had readily available HR and 95% CI data, while the remaining 12 studies presented neither HR nor 95% CI, which were consequently estimated from the available K-M curves. The 30 included studies had a mean quality score of 3 (range, from 1-6). 
Association of FAK with survival
The combined HR for the 30 studies included in the analysis was 2.073 (95% CI:1.712-2.510, p = 0.000), indicating that FAK overexpression is associated with worse survival among patients. However, a significant inter-study heterogeneity effect model (I 2 = 61.2%, p = 0.000) was indicated for the prognostic effect (Fig 2) . To explore the study heterogeneity, we performed stratified analyses across a number of key study characteristics and clinical factors ( Table 2 ). In the subgroup analysis based on tumor types, the negative prognostic role of high FAK expression was observed in gastric cancer A meta-regression analysis demonstrated that there was no relationship between HR and the disease stage of patients (p = 0.69, Fig 3) .
Sensitivity analyses
A sensitivity analysis was conducted to test the robustness of the HR estimates by removing studies individually and analyzing the effects on the remaining studies. The result showed that no individual study lay outside the 95% CI of the overall HR estimate.
Publication bias
In terms of publication bias estimation, we observed symmetry according to the Begg's test in all analyses (p = 1.000) (Fig 4) , indicating no evidence of small study effects.
Discussion
FAK is a non-receptor tyrosine kinase that localizes to contact sites in focal adhesions, and holds a key position in the signal transduction network between cells and the extracellular matrix [1] [2] [3] 59] . Over the years, numerous studies have shown a pivotal role of FAK in tumorigenesis and metastasis. In the present study, we observed that FAK expression was elevated in a broad range of somatic cancers, including astrocytic, breast, cervical, colorectal, endometrial, esophageal, gastric, head and neck, hepatocellular, laryngeal, lung, ovarian, pancreatic, prostate, lung, brain, skin, and thyroid cancers [8, 15, 16, 30, [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] . Furthermore, FAK overexpression was associated with aggressive human cancers. FAK can promote cancer invasion and metastasis [71] . In addition, this study confirmed that FAK activation, as determined by phosphospecific antibody recognition of the FAK tyrosine autophosphorylation site, increased with tumor progression. FAK is phosphorylated in response to clustering of integrins, cell spreading, or formation of focal adhesions [1] . At least six tyrosine residues (Y397, Y407, Y576, Y577, Y861, and Y925) have been identified as phosphorylation sites. IHC staining of activated (phosphorylated) receptors may be more informative than immunostaining of single markers regardless of their activation status. These above results suggest that high expression of both FAK and phosphorylation status may be a target for cancer therapeutics and may have an impact on survival.
A number of studies have shown that high FAK expression and activity are associated with not only malignancy [72, 73] , but also with poor prognosis [47] . FAK overexpression was positively correlated with lymph node and distal metastasis, as well as with a significant reduction in patient OS [12, 47, 48, 74] . In this study, the primary results confirm that FAK expression is associated with poor prognosis based on pooled HR estimates. FAK was associated with worse OS in gastric cancer, hepatocellular carcinoma, ovarian cancer, endometrial cancer, gliomas, and squamous cell carcinoma. Interestingly, we also found overexpression of FAK was not associated with worse outcome in some types of solid cancers. This discrepancy may be partly explained by the small sample size in the individual studies. Although Begg's test showed no evidence of publication bias and while sensitivity analyses further supported the robustness of the meta-analysis findings, it is essential for larger studies to enroll patients with specific tumor types in future studies. Besides FAK expression, its activation plays a critical role in tumor progression and prognosis. In some types of cancers, such as colorectal cancer, although the total expression of FAK was reported not to be associated with survival [14] , the phosphorylation status was demonstrated to have an impact. In human colorectal cancer, nuclear expression of phosphorylated FAK is associated with poor prognosis. Albasri et al. [54] reported positive nuclear P-FAK expression was associated with shorter disease-specific survival in univariate (p = 0.005) and multivariate analysis (p = 0.016). In breast cancer, it was reported that increased FAK activity frequently correlates with metastatic disease and poor prognosis [75] . Differences in technique, IHC staining antibody and cut off values for positive protein expression may also have accounted for the observed heterogeneity. Overall, these results suggest that FAK may be an important marker for poor prognosis in a group of solid tumor patients. The meta-regression analysis revealed no association between the overall HR and the percentage of advanced stage patients. This result supported that the prognostic value of FAK was independent from disease stage in solid tumors.
There are some limitations to this meta-analysis. First, the quality of individual studies was not always optimal. Second, the approach of extracting HRs from K-M curves could be a potential source of heterogeneity. Conversion of K-M curves could misestimate the variance of HRs, although the subgroup analysis did not indicate any major deviation. Thirdly, after cancer types were stratified, the sample size included in the meta-analysis was relatively small. The Gene Expression Omnibus(GEO) database includes a massive amount of gene chip data that profiles gene expression in many tumor types. The inclusion of GEO data would likely result in a more extensive data source and more realistic results. In the future, we will conduct a new study focusing on the GEO database.
In conclusion, through combining different study results, our meta-analysis provides evidence that FAK is associated with worse OS in diverse solid tumor types. In addition, highquality studies should also be carried out to identify the potential role of FAK expression and phosphorylation status in solid tumors for clinical prognosis and treatment decision making. 
